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WHAT IS CLAIMED IS: 



1 . A depletion mode floating gate transistor, comprising: 
a first source/drain region and a seco/d source/drain region separated by a 

channel region in a substrate; 

a floating gate opposing the chaij^el region and separated therefrom by a 
gate oxide; 

a control gate opposing the floating gate; and 
wherein the control gate is separated from the floating gate by an 
asymmetrical low tunnel barrier intergate insulator. 

2. The depletion mode flaming gate transistor of claim 1, wherein the 
asymmetrical low tunnel barrier intergate insulator includes aluminum oxide 
(A1 2 0 3 ), wherein the aluminum oxide has a number of small compositional ranges 
such that gradients which/produce different barrier heights at an interface with the 
floating gate and controVgate. 



3. The depletioiymode floating gate transistor of claim 1, wherein the 
asymmetrical low twinel barrier intergate insulator includes an asymmetrical 
transition metal oxide. 



4. The depletion mode floating gate transistor of claim 3, wherein the 
/ 

asymmetrical transition metal oxide is selected from the group consisting of Ta^, 
/ 

Ti0 2 , Zr0 2 , and Nb 2 0 5 . 



5. The depletion mode floating gate transistor of claim 1, wherein the 
asymmetric/l low tunnel barrier intergate insulator includes an asymmetrical 
Perovskitejoxide tunnel barrier. 
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6. The depletion mode floating gate transistor of claimfi, wherein the 
asymmetrical Perovskite oxide tunnel barrier is selected frpm the group consisting 
of SrBiJa^, SrTi0 35 PbTi0 3 , and PbZr0 3 . 

7. The depletion mode floating gate transistor of claim 1 , wherein the floating 
gate includes a polysilicon floating gate having a mdal layer formed thereon in 
contact with the asymmetrical low tunnel barrier in/ergate insulator. 

8. The depletion mode floating gate transistpr of claim 7, wherein the control 
gate includes a polysilicon control gate having A metal layer formed thereon in 
contact with the low tunnel barrier intergate insulator, wherein the metal layer 
includes a metal layer that has a different wgMc function than the metal layer formed 
on the floating gate. 

9. The floating gate transistor of claim 1 , wherein the floating gate transistor 
includes an n-channel type floating gate transistor. 

10. A vertical, depletion mode non volatile memory cell, comprising: 
a first source/drain region farmed on a substrate; 

a body region including a channel region formed on the first source/drain 
region; / 

a second source/drain region formed on the body region; 

a floating gate opposing the channel region and separated therefrom by a 
gate oxide; 

a control gate opposing the floating gate; and 
wherein the control/gate is separated from the floating gate by an 
asymmetrical low tunnel barrier intergate insulator having a number of small 
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compositional ranges such that gradients can be formed whichfproduce different 
barrier heights at an interface with the floating gate and control gate. 

11. The vertical, depletion mode non volatile memory cell of claim 10, wherein 
the asymmetrical low tunnel barrier intergate insulator Includes an insulator selected 
from the group consisting of Al 2 0 3 , Ta^, Ti0 2 , ZrC$, Nb 2 0 5 , SrBi 2 Ta20 3 , SrTi0 3 , 
PbTi0 3 , and PbZr0 3 . 

12. The vertical, depletion mode non volatile memory cell of claim 10, wherein 
the floating gate includes a polysilicon floating gate having a metal layer formed 
thereon in contact with the asymmetrical low tunnel barrier intergate insulator. 

13. The vertical, depletion mode nonvolatile memory cell of claim 12, wherein 
the control gate includes a polysilicon control gate having a metal layer formed 
thereon in contact with the low tunnel/barrier intergate insulator, wherein the metal 
layer includes a metal layer that has / different work function than the metal layer 
formed on the floating gate. 

14. The vertical non volatilermemory cell of claim 8, wherein the floating gate 
includes a vertical floating gate formed alongside of the body region. 



15. The vertical non volatile memory cell of claim 12, wherein the control gate 
includes a vertical contro^ate formed alongside of the vertical floating gate. 

16. The vertical nom volatile memory cell of claim 8, wherein the floating gate 
includes a horizontally oriented floating gate formed alongside of the body region. 
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17. The vertical non volatile memory cell of claim 14, ^herein the control gate 
includes a horizontally oriented control gate formed abov/ the horizontally oriented 
floating gate. 

18. A non- volatile memory cell, comprising: 
a first source/drain region and a second sojfrce/drain region separated by a 

channel region in a substrate; 

a polysilicon floating gate opposing tly£ channel region and separated 
therefrom by a gate oxide; 

a first metal layer formed on the polysilicon floating gate; 

a metal oxide intergate insulator /ormed on the metal layer, wherein the 
metal oxide intergate insulator includes an asymmetrical metal oxide having a 
number of small compositional ranges such that gradients can be formed in an 
applied electric field which produce different barrier heights at an interface with the 
floating gate and control gate; 

a second metal layer fo&ied on the metal oxide intergate insulator, wherein 
the second metal layer has a (different work function from the first metal layer; and 

a polysilicon control gate formed on the second metal layer. 

19. The non-volatil^ memory cell of claim 18, wherein first metal layer includes 
a parent metal for the asymmetrical metal oxide and the second metal layer includes 
a metal layer havingra work function in the range of 2.7 eV to 5.8 eV. 

20. The nonvolatile memory cell of claim 18, wherein the second metal layer is 
platinum (Pt) apd the metal oxide intergate insulator is selected from the group 
consisting of/i0 2 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 
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21. The non- volatile memory cell o/£ claim 18, wherein the second metal layer is 
aluminum and the metal oxide intergate insulator is selected from the group 
consisting of Ta^, Zr0 2 , SrBi 2 Ta^0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 

22. The non- volatile memesry cell of claim 18, wherein the metal oxide intergate 
insulator is selected from the group consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , 
SrBi 2 Ta20 3 , SrTi0 3 , PbTip 3 , and PbZr0 3 . 



23. The non- volatile memory cell of claim 16, wherein the floating gate 
transistor includey a vertical floating gate transistor. 

24. A flash memory array, comprising: 
a number of depletion mode, non- volatile nj^mory cells, wherein each non- 
volatile memory cell includes: 

a first source/drain region andyd second source/drain region separated 

by a channel regior 
a floating gate opposing/ftie channel region and separated therefrom 

by a gate oxic 
a control gate^Spji&ing thfe floating gate; and 
wherein tHe control gate is separated from the floating gate by an 
asyrpfnetrical low tunnel barrier intergate insulator having a 

iber of small compositional ranges such that gradients can 
)e formed which produce different barrier heights at an 
interface with the floating gate and control gate; 
a numbef of sourcelines coupled to the first source/drain regions along a first 
selected direction in the flash memory array; 
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a number of control gate lines coupled to the control g^tes along a second 
selected direction in the flash memory array; and 

a number of bitlines coupled to the second source/^tain regions along a third 
selected direction in the flash memory array. 

25. The flash memory array of claim 22, whereinyfhe asymmetrical low tunnel 
barrier intergate insulator includes a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , Sr^Ta^, SrTi0 3 , PbTi0 3 , and 
PbZr0 3 . 



26. The flash memory array of claim 22 5 Xvherein the floating gate includes a 
polysilicon floating gate having a metal law formed thereon in contact with the 
asymmetrical low tunnel barrier mtef'gateansulator. 



27. The flash memory array of claim 26,^vh€fem the control gate includes a 
polysilicon control gate having a me/tal layer formed thereon in contact with the 
asymmetrical low tunnel barrier iniergate insulator, wherein the metal layer formed 
on the polysilicon control gate includes a metal layer that has a different work 
function than the metal layer formed on the floating gate. 

28. The flash memory array of claim 27, wherein metal layer formed on the 
floating gate includes a pafrent metal for the asymmetrical low tunnel barrier 
intergate insulator and tne metal layer formed on the control gate includes a metal 
layer having a work function in the range of 2.7 eV to 5.8 eV. 



-49- 



SLWK 1303.020US01 
Micron 01-0603 

29. The flash memory array of claim 22, wherein the second sofected direction 
and the third selected direction are parallel to one another and orthogonal to the first 
selected direction, and wherein the number of control gate lin£s serve as address 
lines. / 

30. The flash memory array of claim 22, wherein the' first selected direction and 
the third selected direction are parallel to one another ahd orthogonal to the second 
selected direction, and wherein the number of controVgate lines serve as address 
lines. / 

3 1 . The flash memory array of claim 22, whergi*rthe first selected direction and 
the second selected direction are parallel toxmer another and orthogonal to the third 
selected direction, and wherein the nunafoer omntlines serve as address lines. 

32. An array of flash memory cellvrompmi^ 

a number of pillars extending outwardly from a substrate, wherein each pillar 
includes a first source/drain region, a bc/dy region, and a second source/drain region; 

a number of floating gates opposing the body regions in the number of 
pillars and separated therefrom by a/gate oxide; 

a number of control gates opposing the floating gates; 

a number of buried sourdelines disposed below the number of pillars and 
coupled to the first source/drajn regions along a first selected direction in the array 
of memory cells; / 

a number of control gate lines formed integrally with the number of control 
gates along a second selected direction in the array of flash memory cells, wherein 
the number of contra/ gates are separated from the floating gates by a low tunnel 
barrier intergate insulator having a number of small compositional ranges such that 
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gradients can be formed by an applied electric field which produce different barrier 
heights at an interface with the floating gate and control gate; anp 

a number of bitlines coupled to the second source/drair/regions along a third 
selected direction in the array of flash cells. / 

33. The array of flash memory cells of claim 29, wherein the low tunnel barrier 
intergate insulator includes a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi Ja^, SrTi0 3 , PbTi0 3 , and 
PbZr0 3 . / 

34. The array of flash memory cells of claW29, wherein each floating gate 
includes a polysilicon floating gate having/a metal layer formed thereon in contact 
with the asymmetrical low tunnel barri^ inte/gate insulator. 

35. The array of flash memory cells ofyclaim 34, wherein each control gate 
includes a polysilicon control gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator, wherein the metal layer formed on the 
polysilicon control gate includes a metal layer that has a different work function 
than the metal layer formed on the floating gate. 

36. The flash memory array ofyclaim 35, wherein metal layer formed on the 
floating gate includes a parent metal for the asymmetrical low tunnel barrier 
intergate insulator and the meta/layer formed on the control gate includes a metal 
layer having a work function in the range of 2.7 eV to 5.8 eV. 
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37. The array of flash memory cells of claim 29, wherein/each floating gate is a 
vertical floating gate formed in a trench below a top surface of each pillar such that 
each trench houses a pair of floating gates opposing theybody regions in adjacent 
pillars on opposing sides of the trench. 

5 

38. The array of flash memory cells of claim 2*3, wherein the plurality of control 
gate lines are formed in the trench below the top surface of the pillar and between 
the pair of floating gates, wherein each pair pi floating gates shares a single control 

□ gate line, and wherein each floating gate includes a vertically oriented floating gate 

.« 10 having a vertical length of less than lOOAianometers. 



M= 39. The array of flash memory cellsof claim 33, wherein the plurality of control 

hi 

£ gate lines are formed in the trenplf below the top surface of the pillar and between 

T~ / j 

^ the pair of floating gates sucn that each trench houses a pair of control gate lines 

CD 15 each addressing the floating gates one on opposing sides of the trench respectively, 

LLi ■ 

q and wherein the pair of control gate lines are separated by an insulator layer. 



40. The array of flasr/memory cells of claim 33, wherein the plurality of control 
gate lines are disposed vertically above the floating gates, and wherein each pair of 

20 floating gates shares af single control gate line. 

41 . The array pi flash memory cells of claim 33, wherein the plurality of control 
gate lines are disposed vertically above the floating gates, and wherein each one of 
the pair of floating gates is addressed by an independent one of the plurality of 

25 control gate/lines. 
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42. The array of flash memory cells of claim 29, wherein each floating gate is a 
horizontally oriented floating gate formed in a trench below a top surface of each 
pillar such that each trench houses a floating gate opposing the body regions in 
adjacent pillars on opposing sides of the trench, and wherein each horizontally 
oriented floating gate has a vertical length of less than lOOnanometers opposing the 
body region of the pillars. / 

43. The array of flash memory cells of claim 38,ywherein the plurality of control 
gate lines are disposed vertically above the floating gates. 

44. A programmable logic array, comprising: 

a plurality of input lines for receiving aoi input signal; 
a plurality of output lines; and 1^ ^ 
one or more arrays having a first Idgic plane and a second logic plane 
connected between the input lines and/fheyoutput lines, wherein the first logic plane 
and the second logic plane comprise (a plurality of logic cells arranged in rows and 
columns for providing a sum-of-producpTeim on the output lines responsive to a 
received input signal, wherein each logic cell includes a vertical non- volatile 
memory cell including: / 

a first source/drain region formed on a substrate; 

a body region including a channel region formed on the first 

source/drain region; 
a second source/drain region formed on the body region; 
a floating gate opposing the channel region and separated therefrom 

by a gafe oxide; 
a control gat© opposing the floating gate; and 
wherein theycontrol gate is separated from the floating gate by a low 
tunnel barrier intergate insulator having a number of small 
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compositional ranges such that gradients can be formed by an 
applied electric field which produce different barrier heights 
at an interface with the floating gate and control gate. 

5 45. An electronic system, comprising: / 

a processor; and / 
a memory device coupled to the processor, wherein the memory device 

and/or processor includes an array of depletion mode flash memory cells, 

comprising: / 



W 10 a number of pillars extending outwardly from a substrate, wherein 

4* / 

y each pillar includes a first source/drain region, a body region, 

u / 

| a | and a second source/drain region; 

+* a number of floating gates opposing the body regions in the number 
p of pillars and separafed^herefrom by a gate oxide; 

P ; 15 a number of control ga^sopnosing the floating gates; 

O a number of buried sourcelines disposed below the number of pillars 
y* and coupled tVthe_fcst^6urce/drain regions along a first 

selected direction in the array of memory cells; 
a number of control gat© lines formed integrally with the number of 
20 control gates along a second selected direction in the array of 



flash memory cells, wherein the number of control gates are 
separated from the floating gates by a low tunnel barrier 
intergate ins/ulator having a number of small compositional 
ranges such that gradients can be formed by an applied 
25 electric neld which produce different barrier heights at an 

interface with the floating gate and control gate; and 
a number of bitlines coupled to the second source/drain regions along 
a third selected direction in the array of flash cells. 
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46. The electronic system of claim 40, wherein the asymmetrical low tunnel 
barrier intergate insulator includes a metal oxide insulator selected/rrom the group 
consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBiJa^, SrW) 3 , PbTi0 3 , and 
PbZr0 3 . / 

47. The electronic system of claim 40, wherein each floating gate includes a 
polysilicon floating gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator. / 

48. The electronic system of claim 40, wherein each control gate includes a 
polysilicon control gate having a metal layer iormed thereon in contact with the low 
tunnel barrier intergate insulator, whereir>*Bemetal layer formed on the polysilicon 
control gate includes a metal layerjtfat has a different work function than the metal 
layer formed on the floating gate. / 

49. The flash memory array of /laim 35, wherein metal layer formed on the 
floating gate includes a parent mptal for the asymmetrical low tunnel barrier 
intergate insulator and the metp layer formed on the control gate includes a metal 
layer having a work function/in the range of 2.7 eV to 5.8 eV. 

50. The electronic sWtem of claim 40, wherein each floating gate is a vertical 
floating gate formed irya trench below a top surface of each pillar such that each 
trench houses a pair </f floating gates opposing the body regions in adjacent pillars 
on opposing sides m the trench. 

5 1 . The electronic system of claim 44, wherein the plurality of control gate lines 
are formed in/the trench below the top surface of the pillar and between the pair of 
floating gatp, wherein each pair of floating gates shares a single control gate line, 



-55- 



SLWK 1303.020US01 
Micron 01-0603 



and wherein each floating gate includes a vertically oriented floating^ jate having a 
vertical length of less than 100 nanometers. 



52. The electronic system of claim 44, wherein the plurality of control gate lines 
are formed in the trench below the top surface of the pillar and between the pair of 
floating gates such that each trench houses a pair of control gate lines each 
addressing the floating gates one on opposing sid^s of the trench respectively, and 
wherein the pair of control gate lines are separated by an insulator layer. 



10 53. The electronic system of claim 44, Wherein the plurality of control gate lines 

£f / 

jr are disposed vertically above the floating/gates, and wherein each pair of floating 

gates shares a single control gate line. 

EM *r / 

£ : 54. The electronic systenafof claim 44, wherein the plurality of control gate lines 

/ / 

™15 are disposed vertically above the/floating gates, and wherein each one of the pair of 

Uj I / 

yj floating gates is addressed Dy^j^ependgnTone of the plurality of control lines. 

0 

q 

tfS * 55. The electronic system of claim 40, wherein each floating gate is a 

horizontally oriented floating gate formed in a trench below a top surface of each 
20 pillar such that each trench houses a floating gate opposing the body regions in 

adjacent pillars on opposing sides of the trench, and wherein each horizontally 
oriented floating gate has a vertical length of less than 100 nanometers opposing the 
body region of me pillars. 

25 56. The Electronic system of claim 49, wherein the plurality of control gate lines 

are disposed vertically above the floating gates. 
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57. A method of forming a floating gate transistor, comprising/" 
forming a first source/drain region and a second source/drain region 

separated by a channel region in a substrate; 

forming a floating gate opposing the channel regi^ and separated therefrom 
by a gate oxide; 

forming a control gate opposing the floating fifate; and 
forming an asymmetrical low tunnel barrier intergate insulator to separate 
the control gate from the floating gate, wherein forming the low tunnel barrier 
intergate insulator includes a forming low tunnel barrier intergate insulator having a 
number of small compositional ranges such/mat gradients can be formed by an 
applied electric field which produce different barrier heights at an interface with the 
floating gate and control gate. 

58. The method of claim 56^wl/erein forming the asymmetrical low tunnel 
barrier intergate insulator includes forming a metal oxide insulator selected from the 
group consisting of A1 2 0 3 , T^Z^ 5 JIjiD5fZr0 2 , Nb 2 0 5 , SrB^Ta^, SrTi0 3 , PbTi0 3 , 
and PbZr0 3 . 

59. The method of cla/m 56, wherein forming the floating gate includes forming 
a polysilicon floating gate having a metal layer formed thereon in contact with the 
asymmetrical low tunnel barrier intergate insulator. 

60. The method of claim 58, wherein forming the control gate includes a 
forming a polysilicon control gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator, wherein the metal layer formed on the 
polysilicon control gate includes a metal layer that has a different work function 
than the moral layer formed on the floating gate. 
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61. The method of claim 59, wherein forming the metal layer on the floating 
gate includes a parent metal for the asymmetrical low tunnel barrier intergate 
insulator and the metal layer formed on the control gate includes a metal layer 
having a work function in the range of 2.7 eV to 5.8 eV. / 

62. A method for forming an array of flash memory cells, Comprising: 
forming a number of pillars extending outwardly from a substrate, wherein 

each pillar includes a first source/drain region, a body region, and a second 
source/drain region; / 

forming a number of floating gates opposing/he body regions in the number 
of pillars and separated therefrom by a gate oxide/ 

forming a number of control gates opposing the floating gates; 

forming a number of buried sourcgliftf?s^isposed below the number of pillars 
and coupled to the first source/drain regions along a first selected direction in the 
array of memory cells; / / 

forming a number of control e#e lines formed integrally with the number of 
control gates along a second selectedlliTecSori in the array of flash memory cells, 
wherein the number of control gates lines are separated from the floating gates by an 
asymmetrical low tunnel barrier intergate insulator, wherein forming the 
asymmetrical low tunnel bamer intergate insulator includes a forming low tunnel 
barrier intergate insulator Slaving a number of small compositional ranges such that 
gradients can be formecVby an applied electric field which produce different barrier 
heights at an inter face^with the floating gate and control gate; and 

forming a namber of bitlines coupled to the second source/drain regions 
along a third selected direction in the array of flash cells. 
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63. The method of claim 61, wherein forming the asymmetrical low tunnel 
barrier intergate insulator includes forming a metal oxide insulator selected/from the 
group consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBijTa^, SrTip^, PbTi0 3 , 
and PbZr0 3 . 

64. The method of claim 61 , wherein forming each floating/gate includes 
forming a polysilicon floating gate having a metal layer forrjred thereon in contact 
with the low tunnel barrier intergate insulator. 

65. The method of claim 63, wherein forming each control gate includes forming 
a polysilicon control gate having a metal layer formed thereon in contact with the 
low tunnel barrier intergate insulator, wherein the metal layer formed on the 
polysilicon control gate includes a metal layej/that has a different work function 
than the metal layer formed on the flo^ie/gate. 

66. The method of claim 64, Xherpn formingjhe metal layer on the floating 
gate includes a parent metal for the^synflnetrical low tunnel barrier intergate 
insulator and the metal layer forced on the control gate includes a metal layer 
having a work function in the range of 2.7 eV to 5.8 eV.. 

67. The method of claim 57, wherein forming each floating gate includes 
forming a vertical floating gate in a trench below a top surface of each pillar such 
that each trench houses a pair of floating gates opposing the body regions in 
adjacent pillars on opposing sides of the trench. 

68. The memod of claim 61, wherein forming the plurality of control gate lines 
includes forming each control gate line in the trench below the top surface of the 
pillar and/oetween the pair of floating gates, wherein each pair of floating gates 
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shares a single control gate line, and wherein each floating gate includes a 
oriented floating gate having a vertical length of less than 100 nanometers. 




69. The method of claim 61, wherein forming the plurality of conj/ol gate lines 
includes forming a pair of control gate lines in each trench below the top surface of 
the pillar and between the pair of floating gates such that eachcontrol gate line 
addresses a floating gate on opposing sides of the trench respectively, and wherein 
the pair of control gate lines are separated by an insulator/layer. 

y3 10 70. The method of claim 61, wherein forming theplurality of control gate lines 

u3 / 

^ includes forming the control gate lines such thaUne control gate lines are disposed 

vertically above the floating gates such that each pair of floating gates shares a 
iJ single control gate line. 

£ 

~ 1 5 71. The method of claim 6 1 , wja€rdn forming the plurality of control gate lines 

W includes forming the control gate lines such that the control gate lines are disposed 

q / / 

□ vertically above the floating gates^and fonpingTRe plurality of control lines such 

^ that each one of the pair of floating gates is addressed by an independent one of the 

plurality of control lines. 

20 

72. The method of claim 57, wherein forming each floating gate includes 
forming a horizontally^riented floating gate in a trench below a top surface of each 
pillar such that eachirench houses a floating gate opposing the body regions in 
adjacent pillars on'opposite sides of the trench, and wherein each horizontally 
25 oriented floating gate has a vertical length of less than 100 nanometers opposing the 

body region/of the pillars. 
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73. The method of claim 66, wherein the forming the plurality of control g£fe 
lines includes forming the control gate lines such that the control gate line^are 
disposed vertically above the floating gates. 

74. A method for operating a non- volatile memory cell, composing: 
writing to a floating gate of the non- volatile memory cefll using channel hot 

electron injection, wherein the non-volatile memory cell incudes: 

a first source/drain region and a second source/drain region separated 

by a channel region in a substrate; 
a floating gate opposing the channe)/region and separated therefrom 

by a gate oxide; 
a control gate opposing the floating gate; and 
wherein the control gate issfiparated from the floating gate by an 

asymmetricaUdw/uinnel barrier intergate insulator having a 
number o^mall compositional ranges such that gradients can 
be formed by/an applied electric field which produce different 
barrier nfei^rt-s^rmiinterface with the floating gate and 
control s^te; 

erasing charge from the floating gate by tunneling electrons off of the 
floating gate and onto the control gate through the asymmetrical low tunnel barrier 
insulator. 

75. The method/of claim 73, wherein erasing charge from the floating gate by 
tunneling electrons off of the floating gate and onto the control gate further through 
the asymmetrical low tunnel barrier insulator includes: 

providing a negative voltage to the substrate; and 
providing a large positive voltage to the control gate. 
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76. The method of claim 73, wherein the method further includes writing to the 
floating gate by tunneling electrons from the control gate to the floating gate / 
through the asymmetrical low tunnel barrier insulator. 

77. The method of claim 75, wherein writing to the floating gat< 
electrons from the control gate to the floating gate through the as^n 
tunnel barrier insulator further includes: / 

applying a positive voltage to the substrate; and / 
applying a large negative voltage to the control rate. 

78. The method of claim 73, wherein tunneling/electrons from the floating gate 
to the control gate through the asymmetrical loWtunnel barrier insulator includes 
tunneling electrons from the floating gate telecontrol gate through an 
asymmetrical low tunnel barrier insulator selected from the group consisting of 
A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , Sffii 2 m0 3 , SrTi0 3 , PbTi0 3 , and PbZr0 3 . 

79. The method of claim 72, wherein tunneling electrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes 
tunneling electrons through the/asymmetrical low tunnel barrier insulator having a 
barrier energy of approximately 2.0 eV. 

80. The method ofelaim 72, wherein tunneling electrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes 
tunneling electrons from a metal layer formed on the floating gate in contact with 
the low tunnel barrier intergate insulator to a metal layer formed on the control gate 
and also in contact with the low tunnel barrier intergate insulator. 



y tunneling 
etrical low 
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81. A method for operating an array of flash memory cells, comprising 

writing to one or more floating gates for a number of non- volatile nfemory 
cells in the array of flash memory cells using channel hot electron injection, the 
array of flash memory cells includes: 

a number of pillars extending outwardly from a substrate, wherein 



each pillar includes a first source/drain region, a body region, 



Z^gion, 
gions in the number 
of pillars and separated therefrom by a gate oxide; 
a number of control gates opposing the floating gates; 
a number of buried sourcelines disposed below the number of pillars 
and coupled to the fips^source/drain regions along a first 
selected direction inythe array of memory cells; 
a number of control g(ate lines formed integrally with the number of 
control gates al^fig^-sac(5n3" selected direction in the array of 
flash memory :ells, wherein the number of control gates lines 
are separated from the floating gates by an asymmetrical low 
tunnel barrier intergate insulator having a number of small 
compositional ranges such that gradients can be formed by an 
applied electric field which produce different barrier heights 
at an interface with the floating gate and control gate; and 
a nunjber of bitlines coupled to the second source/drain regions along 
a third selected direction in the array of flash cells; and 
erasingfifoarge from the one or more floating gates by tunneling electrons off 
of the one ormiore floating gates and onto the number of control gates through the 
asymmetrical low tunnel barrier insulator. 
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82. The method of claim 80, wherein erasing charge from the one or more / 
floating gates by tunneling electrons off of the floating gate and onto the njjmber of 
control gate through the asymmetrical low tunnel barrier insulator furtjarer includes: 

providing a negative voltage to a substrate of one or more non- volatile 
memory cells; and / 

providing a large positive voltage to the control ga£e for the one or more 
non-volatile memory cells. yz\ 

83. The method of claim 81, wherein the^n^mod further includes erasing an 
entire row of non- volatile memory cells by providing a^egative voltage to all of the 
substrates along an entire row of non-volatil^jiieilaory cells and providing a large 
positive voltage to all of the control gmes along the entire row of non- volatile 
memory cells. / 

84. The method of clain/ 1 1 , wherein the method further includes erasing an 
entire block of non- volatile memory cells by providing a negative voltage to all of 
the substrates along rmiltiple rows of non- volatile memory cells and providing a 
large positive voltage to all of the control gates along the multiple rows of non- 
volatile memory cells. 
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